By R. C. NODDLE* and D. R. ROBINSON 'Shell' Research Ltd., Mil8tead Laboratory of Chemical Enzymology, Broad Oak Road, Sittingbourne, Kent (Received 24 February 1969) AS the first stage of a programme to elucidate the pathway of biosynthesis of abscisic acid, we have looked for a system capable ofsynthesizing this sesquiterpenoid hormone from 14C-labelled mevalonic acid, presumed to be a natural precursor. The ripening fruits of four species, avocado (Persea gratiWsima), tomato (Lycopersicon esculenturn), banana (Musa sapientum) and strawberry (Fragaria cultivar Talisman), were examined for this property chiefly because of the comparatively large amounts of abscisic acid found in fruits (see, e.g., and the indication that the concentrations can increase during maturation (Rudnicki, Pieniazek & Pieniazek, 1968) . Tomato fruits can also give good synthesis of carotenoids from mevalonic acid (see, e.g., Purcell, Thompson & Bonner, 1959) we have preliminarily determined (+ )-abscisic acid in tomato fruits and banana fruit pulp in quantities of 0-036-0-096 and 0.535mg./kg. fresh wt. respectively. This is the first report of the occurrence of the hormone in these plants. The presence of abscisic acid had previously been shown in avocado fruit and in strawberry fruit (Rudnicki et al. 1968) . Radioactivity from 14C-labelled mevalonic acid was incorporated into abscisic acid by all these fruits, and we present here details of the procedures employed with avocado and tomato.
Avocado fruits, imported from Swaziland, were split lengthwise and the large single seeds removed.
A solution of the potassium salt of (RS)-[2-14C]-mevalonic acid (1-2ml. containing 1-5-4*0,umoles, 4.8-6.4,uc/,umole) in 0 05M-potassium phosphate buffer, pH 7 3, containing 2% (v/v) of ethanol, was placed in the cavity of one fruit half (fresh wt. approx. 120g.). The cut surface was then covered, either with the other fruit half or with a glass plate, and the preparation was kept at room temperature, in normal laboratory light, for 1-5 days. As liquid was absorbed (approx. 0-5ml. in 12hr.) additional phosphate buffer, or water, was provided to prevent undue desiccation of the exposed surface. A second * Also: Department of Molecular Sciences, University of Warwick, Coventry.
method of mevalonate application employed with avocado fruit was to wet 5mm.-thick slices with substrate solution held in Petri dishes. This procedure, which was also used with banana and strawberry fruits, did not improve yields and was later abandoned. Ten green tomato fruits (about 23g. each) were harvested from plants growing in a glass-house, and each was injected with 101l. of a solution of the potassium salt of (RS)-[2-14C]mevalonic acid (2 09-10'4,umoles, 4-82,uc/,umole) in 0.05M-potassium phosphate buffer, pH7-3, containing 10% (v/v) of ethanol, with a Hamilton syringe. The tomato fruits were incubated for 3 days in darkness. Similar results were obtained with fruit developing red coloration under normal laboratory light.
At the conclusion of incubation the avocado or tomato fruits were macerated and thoroughly extracted with methanol. The ether-soluble acid fraction was then isolated as usual and chromatographed on silica gel F254 t.l.c. plates. Identification of one of the radioactive acids as abscisic acid was made principally by t.l.c. comparisons with authentic reference compounds. Precise co-chromatography of the acid with authentic abscisic acid was achieved in acetic acidbased ( Fig. la) andammonia-based (Fig. lb) (Fig. lc) ; this was followed by treatment with excess of NaBH4 in aqueous methanol, which generated two radioactive entities migrating with the epimeric diol esters that are formed on the like treatment of methyl abscisate (Cornforth, Draber, Milborrow & Ryback, 1967) (Fig. ld) .
The extracts of these tissues contained sufficient abscisic acid for determinations to be made from u.v.-absorption spectra and optical rotatory dispersion curves. Thus the observed coincidence of radioactivity in different chromatographic systems with material exhibiting the highly characteristic spectral properties of abscisic acid, the methyl ester and the epimeric diol esters (Cornforth, Milborrow & Ryback, 1966; Cornforth et al. 1967; and comparison ester with MnO2 to labelled material exhibiting the chromatographic and spectral properties of methyl abscisate, may all be considered as additional evidence for the identity of the biosynthetic product. Moreover, the specific radioactivity from spectropolarimetric measurements remained the same throughout these transformations.
In average experiments 3O04,umoles of (RS)-mevalonate (32.50 x 106d.p.m.) applied to one avocado fruit half for 4 days gave 19nmoles (51 500d.p.m.) of abscisic acid, and 2-01 ,umoles (21.60 x 106d.p.m.) of (RS)-mevalonate applied to 230g. of tomato fruit for 3 days gave 02nmole (6150d.p.m.) of abscisic acid (these values are calculated from measurements of radioactivity assuming that 1 mole of abscisic acid is formed from 3 moles of mevalonic acid). The yields of biosynthesized abscisic acid represent 05% (avocado) and 0.6% (tomato) of the total abscisic acid extracted (determined quantitatively -by spectropolarimetry). The proportion of [14C]mevalonic acid recovered as abscisic acid varied for reasons yet unknown, even in experiments with the same variety of fruit. The rapid metabolism of abscisic acid that occurs under certain conditions (B. V. Milborrow, unpublished work) may be a contributory factor.
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